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THE MECHANISM OF THE NITRATTON OF UNSATURATED COMPOUNDS

A+ N. Baryshnikova and A. I. Titov

The nitratiop of olefins has been Suecessfully studied by N, Ya,
Dem' yanov ﬁ.] and his school, as vell as by & number of other investigators
2, §7. According to our ideas E-§7, the nitration of olefins, just as that
of aromatic compounds, proceeds by either an ionic or radical type of reaction,
depending on the conditions of the nitration [5_7 In both cases » the reaction
undoubtedly begins by an attack of the electrophylic nitrating agents
(NOp‘_’, *NO,, C(Noa)h, and others) on the mobile and spatielly accessible
77- electrons. The mobility of the 1T -electrons is due to the comparatively ‘
low energy of their bond with the carbon nuclei, while their accessibility is ;
due to the beripherel arrangement of their orbits with respect to the axes of .
the carbon atoms. e will schematically represent these characteristics of |
the “-bonds by formulas of the type :
.

~
REC-CRQ
The ﬂeginning stages of the nitration stated above conforms with Ostro-
myslenskiy's reaction, which, according to our views consists of the for-

mation of a complex by means of penetration of 4r-electrons into the sphere of
the electrophylic nitrogen atom, indicated in the scheme by the arrow e,

° ¢ b R 5
(NO5)3-C- ¢ QRQ == (Hop)ge-N<-(] <. (1)
T +§ |
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During nitrat<

on of the icnic type, as with concentrated nitric aeid
for example,

+ -
3HNO3 = HO2 + NO3 + HQO'HONO2

PR % 8
cll, "')’rxeconoa (8)

C +
o-ﬁ-m((l:ﬂa__; OEN«“(C ) ) (2)
(A)+8§2 ~ )H—EHQ%BO—)- Ol -CH-CR, (D)
O (c) ‘3

Yo the general theory of alkylating agents [,
For example » in the case of the reaction with No_-;,. the complex yields the

nitronitrate (B). When there is an appropriate conjugation, as, for example

in the adducts of Noé’ to diphenylethylene or to arcmatic nucleiy the complex
may transform into a“cation of type (C), and the latter, after giving up a .
Proton, can transform into the substitution product (D). The orientation of i
the nitro group in the nitration of unsaturated and aromatic compounds can be i

Plausibly explained by taking into acecount the influence of substituents on
the ratio of the values§, and ;.

can readily take on anions.

Analogously, the formatlon of nitrosates OILCHQ_CRQ-OHOQ proceeds as a

rule through a preliminary formation of a complex of the olefins with the ni- ;
trating agents, rarticularly with the most active of them [§] ~-- the nitrosyl-
‘cation NO* which forms during the ionization of Na0y in HNO5 /B7:

s
W04 + HNO3 32 NG +NO3 ... HNO,.

According to our ideas > the nitration of olefins with oxides of nitrogen ‘
in the absence of strong acids, takes place as a rule through the formation !
of complex I with the moderately electrophilic radical-like monomer of nitro-

i
gen dioxide NO,. The complex thus formed readily converts into the free ;
f-nitroalkyl If

. CHR X CHR O N-CHR
ol + (] T ogiten(| = ° | (3) :_
. CR, CRy “CRg ;
I II ;

We computed the activation energy for the formation of the free B-
nitroalkyl from the formula E = Q+0.13q, (see source k& in bibliography),
vhere. Q denotes the heat of the reaction (3) and Qs the energy of the
ar-bond. For the reaction of O, with ethylene, E becomes equal to 9 keal,
for isobutylene, it is 2 keal while for styrene, no necessity for any acti-
vation energy results » Which is in accordance with direct observation.

The B-nitroalkyl reacts rapidly with NO, NO

and Neok in a mauner
similar to that in the nitration of paraffins [18j:

-2 -
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> oxides —» conversion Preducts
RHCNO,. -GR =No
—7 272 \dimers ( Pseudonitrositeg )

[0}
/ RHCN°2 --CHE-NO2 (dinitro compounds ) ;
RHCI‘IO2 -CR2 -0No

o ( nitronitrites)
R (%)
¢ ** (nitronitrates )

* CR, (nitroolefins)

Y
RHCNOE

b ng the dircction :
5 interpretation enables us to vnderstand the :
wre of stereoisomerie dinitroeompounds forms as g result or :
on stilbene or tolan

e /117, why identical nitration productg
and trans-isomeps 2],

and finally why ang 1 what manner '
€ exerts g catalytic an

tion on the transformation of these
equation 3).

the action of N02
form from cig-

nitrogen dioxid
isomers (cgp.

We proved that free during the action of the oxides of
nitrogen on olefins on the basis of various experimental data. An attempt to
establish thig comprised the chief

cilefl purpose of the experimental part of our work.
he Proofs referred to were based on the fact that alkyls could be made to re-
act with a thipg cemponent which would not react with olefins o

radicals form

therwise,
The ap
diazoniun g

1lity of radicals to convert aromat
vas used gg

ic nitro compounds into
alts by the following scheme, which we had Previously noted [E_]
the most eonvineing proof:

+
Cels-l—0  cH .y
ang © ) I 655 +
- R +CHsHO, —s. CgHghio —>
-RO°

in nitrobenzene being satu-
* The second proof wag based on the inclusion of oxygen and supplementary
amounts cof olefin in the reaction, At lovw concentrations of HOE, this oxide
of nitrogen reacts directly with the olefin whep the latter ig saturated with
oxygen. The reaction probably Proceeds according to q scheme of the type -

No o
CeHsCHi=C,—S-cgm on —CHzl0,—2-
I
CgH5CHECR,
S c6H5<l:H CHNOy, —2. & C6H5(’3H = CHal0, (6) '
0—~0- IT

o—o-caz-cﬂcsns, ete.

and leads to the formation of an un;

Proportionately large smount of g
high-molecular rroduct. With a 1oy co]

viscoug >
ncentration

of styrene (in €C1,), =
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"monomolecular"

Product is formed which Yields w- nitroacetophenone when treated
with efther water or alcchol, with a yield of 50% of theory.

w ~nitroacetophenone
forms mainly as a result of +he following transformations:

1
’ :
csmsclzrxr-<:1121vo2 l‘%csns&a-cuerxo ] Clsf -CH N0 0%

(7)
0-0* II - 0-0-Ti0,,

OO~
OO,

Under the conditions stated, the radical-peroxide IT could rapidly add NO 3
and the ester of Pernliric acid thet is formed due to the stroug electronS
attracting action of the OO0, group readily gives up a proton to a proten
acceptor (e.g., E,0 or C Oﬁ) In both cases oXygen vas absorbed only when
the olefin reacteg

with 102 ; nitroacetophenone formed only when saturation
With oxyger was carried ouf.

In the following method, the inclus
achieved by carrying out the reaction wi
cyclohexene in the presen

ion of bromoform in the reaction was

th a low concentration of l‘lO2 and
ce of the halogen compound

CH CHIIO, CHINO
2
CHg || N0, —s Cylig | CHBr3, o ++ CHBrp (8)
cz 2 NG LN .
The main fraction of the product corresponded 4o bromonitrocyclohexane on the
basis of its analysis and properties.

According to the idess on the mechanism of the reaction represented by scheme
() s the formation of pseudonitrosite should contribute to keeping the con-
centration of NO, low and to saturating the mass with NO. Actually when the
reaction was carried out under the conditions in question in the presence of
ether, the nitrosite yield was 65% of theory, which is 50% greater than Wie-
land's jd.eld ﬁ.'37 A high yield of the product was nlso achieved by carrying
out the reaction in the medium of the styrene itself; this vas aided by the
fact that a low concentration of 1102 was sustained automatically. :

) The structure of the monomeric pseudonitrosite (nitronitrose compound )
of styrene CH CH(PIO)CH -NO2 indicates that a radical mechanism is valid.
If the react?og proceedgd according to an ionic mechanism with an intermediate
interreaction with NO} the formation of the nitrosite (nitroscnitrile)

06HSCH(0HO)CH2NO would be expected to take place, Finally, if the reaction
broteeded in an ionic

fashion, the nitroscacetate C.H.CH(00C-CH JCHN0 should
have formed in acetie acid, An experiment indica.teé , hovever, %ha‘c under
these conditions the main rroduct of the reaction was the Pseudonitrosite,
and therefore the reactlion must have proceeded according to the radical type.

It may be assumed that

the configuration of the electron orbits of “the
carbon atous in cyclopropa:

ne is nearly tetrahedral, From this assumption it
can be concluded that the electron orbits of the C-C bonds in cyclopropane
overlap less than they normally do [i_n other compounds/ and %hat the electron
density is eccentrically distributed with respect to the axis of the pair of
carbon atoms involved. This leads to +he coneclusion that the C-C bonds in
cyclopropane are similar to the usualAf<bonds; this agrees with the chemical
and physical properties of cyclopropane. According to thig conelusion, it
follows that the action of nitrating agents such as N0y on cyclopropane hydro-
carbons takes place by a mechanism similar to the one assumed for olefins:

50X1-HUM J
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i L, o
2 NO=
c < o NO—CH,,~CH, ~CH.,-No
(Y 4 o, = 1N ~—>CHy~CHy-CH, N0z 2™ 2 N0,
¢ 0,-CH,~CH,
B oy If2cvma No, N0, ~CH,~CH,~CE, 0N

(9)
Such a point of view is confirmed b

Y the ability of cycloprnpane compoun'ds to
produce coloration with tetranitrom

¢ ethane (L A. Chugayev) and by the results
of the nitration of tricyclene (s. s. HNametkin a

nd A. S. Zabrodina /147).
Foliowing is a brief description of some of the experiments.
1. with nitrocompounds was
g of NO2 in 50 ml of a mix-
+2 g of styrene in
50 ml of the same mixture; the addition Vas carried out at 02 while agitating
and passing through a stream of HO. 0.07 g of a dyestuff having & melting
point of l32-l33° were isolated from the reaction product after combined ex-
traction with water and treatment of the extract with p -naphthol. After
saturation for 2 hrs, with NO of a mixtur yelohexene, 100 ml of
nitrobenzene, and 20 ml of MO, of g specific gravity of 1.1, and after
8queocus extraction with an alké -naphthol, 0.3 g of the
dyestuff were obtained.

2. The inelusion of Oxygen into the reacti
Passing 2.2 liters of 02 through a meter containing 2.6 of No at -10”, and
then through 26.7 g of styrene at minug 50, After Aistilling the styrene,
13.h € of a viscous product were obtained; in a parallel experiment where
CO> vas substituted for oxygen, 6.8 g of the product were isolated, .
Periments with tyclohexene yielded similar results. In order to conduct
the reaction in such & manner that w-nitroacetophenone will be formed,

2.45 ¢ of W0 » disgolved in 50 ) of CCll*, Were added to 3 g of styrene in
150 ml of CC.le.h_ ove;

T & period of 35 min af minus 59 yith nechanical agitation‘
and saturation with Op. After distillation in vacuun at 25°, the residue,

consisting of 6 g, vwas mixed with 30 ml of alcohol, this resulted in
evolution of heat. The mixture yielded crystalg of nitroacetophenone, After
vashing with alcohol and drying, 2.26 g of t

he product, melting at 105-106° )
vere isolated. The yield was L7% of the theoretical,

on was accomplished bg first

3. The inclusion of CHBr, into the reaction wa

follows: A mixture of NO, and3co2 » Prepared by passing CO, through a meter

vith one ml [y Oy at minus“10%, wa§ bubbled through a solution of one gram
of cyclohexené in 25 m1 of CHBr, at 150,

The main fraction of the product
(2.8 g), having 2 boiling point-near 95° at 2-3 mn contained 35.4% Br,

k. 1In order to prepare the pseudonitrog
in 50 ml of ether previous
t0 & mi: sure of 5.2 g of
with NO Zor a Period of 3
5.8 g.

S accomplished as *

ite, a solution of 3 ml of No,
1y cooled ang saturated with NO was added dropwife
styrene in 50 ml or absolute ether while saturating
O min at minus 5°. The Yield of the nitrosite was
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CONFIDENTTAL
st S




, do
R RS I I I

" Sanitized Copy Apoved for Release 2011/09/02 : CIA-RDP80-00809A000700170073-1

I

CORFIDEITIAL

BIBLIOGRAPHY

1. N. Ye. Pen'yanov, Izbr. Tr., M., (Selected Works), Moscow, 1936
2. J. Riebsommer, Chen. Rev., No 2 (1945)

3. N. Lewy, Ch. Scaife, Chem. Soc., Vol 1946, page 1093

4,

A. I. Titov, Teoriyn Ilitrovaniya Predel'nykh Uglevodorodov,

Dissertatsiya (Theory of the Nitration of Saturated Hydrocarbons,
Dissertation), 1944

5. A. I, Titov, Zhur Obshch Knim, Vol 16, 1902 (1946)
A. I. Titov, Zhur Obsheh Khim, Vol 18, 100 (1948) :
T A. I, TMtov, Zhur Obshch Khim, Vol 16, 2101 (1946) ’
8. A. I. Titov, Zhur Obshch Khim, Vol 17, 382 (1947) ]
9. A. I. Titov, Zhur Obshch Kuim, Vol 18, 733 (1948)

10. A. I. Titov, Zhur Obsheh Khim, Vol 16, 1896 (1946); Vol 18, 465, k73,
534, (1948)

1. g, scbmidt,'ser., Vol 34, 619, 3540 (1901)

e e e e e

l2. I. v. Yegorov, 0. Deystvii Azotnovatoy Okisi Na Nepredel'nye lﬁsloty,

Dissertatsiyn (The Action of Hyponitric Oxide on Unsaturated Acids ’
Dissertation), Moscow, 1903

13. H. wleland, Ber., vo1. 36, 2559 (1903)

1k, s, s, Nemetkin, A. A,

Zabrodinn, Zhur Russ Khim Obshch, Vol 57, 87
(1925)

50X1-HUM '

1

{




